Swine influenza was a serious health problem in pig herds in the former Czechoslovakia in the 1950s and 1960s. In this period, large-scale intensive animal production was initiated and, on large farms, swine influenza affected both suckling piglets, causing direct losses, and weaned pigs. In older pigs, it predisposed to sensitivity to a whole range of bacteria and, consequently, to the development of severe chronic diseases.
At that time, Men‰ík (1960) and Goi‰ et al. (1963) were the specialists who isolated a number of influenza virus strains and carried out a series of experiments on the pathogenesis of the disease. Shortly after Kundin (1970) had reported the occurrence of human influenza in pigs, experimental infections with A/Hong Kong virus were initiated in specific pathogen free piglets (Pospí‰il et al. 1973) in an attempt at virus adaptation and to demonstrate the production of antibodies to human influenza strains in pigs (TÛmová et al. 1976; 1980) . Investigations carried out in the following years showed that swine influenza disappeared almost completely from our pig herds and the disease itself presented no health risk for pigs. This situation was still true even at the time of first reports on avian influenza viruses infecting pigs (Pensaert et al. 1981) . Even later, when pig infections with influenza viruses of avian origine were described in Italy (Castrucci et al. 1993) and Germany (Ludwig et al. 1994) , swine influenza did not seem to play any important role in the health status of Czech pig herds. However, it should be admitted that this disease had not been kept under full surveillance at that time. Therefore, a single isolation of swine influenza virus reported by ·esták (1992, personal communication) , which did not involve any epidemiological survey, can now be regarded as a chance event.
The domestic pig plays a specific role in the spread of influenza viruses because, owing to common receptors on the epithelial cells of the respiratory system, it is the only animal species that can be infected with both avian and human influenza viruses (Kida et al. 1994; I t o et al. 1996) . The pig functions as a kind of "mixing vessel" in which recombination events and changes in antigenic structures of the viruses take place, thus giving rise to recombinants that may initiate new epidemics or pandemics.
In this continuing study, in addition to the detection of swine influenza virus or antibodies against it, we also investigated the impact of two human influenza epidemics on the animal populations.
Materials and Methods

Virus strains
The following strains were used in serological tests 
Pigs examined
Animals included in the group examined were of different age and came from various herds; they all had clinical or pathomorphological findings of respiratory disease. Nasal swabs or samples of inflamed pulmonary tissue were collected for virus isolation experiments. For serological tests, blood drawn from the jugular vein was used.
In the respective periods of human influenza epidemics (winter in 1995/96 and 1998/99) and in the subsequent months, the study on inter-species transfer of virus infection was carried out, using sera from pigs of breeding herds. These sera came from the samples that are regularly collected from breeding sows and boars in the programme of animal health surveillance and are examined for specific swine diseases before the animals are sold. A total of 1353 samples were used.
In one of the locations studied, we also acquired sera from animal attendants who had been taken ill during the first influenza epidemic.
Virus isolation
Nasal discharge collected by means of sterile swabs and maintained in a transport medium, or a 10 % pulmonary tissue suspension in E-MEM medium without serum but supplemented by 500 I.U. penicillin and 500 mg streptomycin per ml were centrifuged at 1500 g for 15 min. They were either used to inoculate chick embryos or were stored at -70 °C until use.
In order to isolate the virus, the treated infectious material was inoculated into allantoid sacs of 9-day-old chick embryos and incubated for 72 h. They embryos were checked every day. Before collection of allantoid fluid, the embryos were cooled down to +4 °C, and the fluid examined by the haemagglutination test (HI) using 1% chicken erythrocytes.
Serological examination
Antibodies were detected by the haemagglutination-inhibition test (HIT carried out in U-bottom microtitre plates). Serial twofold dilutions of the 0.025 ml test serum sample were mixed with equal volumes of the virus in allantoid fluid, each containing four haemagglutination-inhibition units, and the mixtures were incubated at room temperature for 40 min. Subsequently, 0.05 ml of 1 % chicken erythrocytes were added. The results were read after 40 to 60 min. Before the examination, all test sera were treated with the receptor-destroying enzyme.
Results
The examination of 1353 serum samples, collected during the period from 1995 to mid-2000, for antibodies against swine influenza A (H1N1) and A (H3N3) viruses did not show any antibodies in HIT that would indicate the presence of infection by these two serotypes of influenza viruses. Negative results were also obtained from the examination of sera for avian influenza viruses isolated from pigs.
Attempts at isolating influenza viruses in chick embryos also failed to give positive results. All samples of allantoid fluid from the chick embryos inoculated with nasal swabs or lung tissue suspensions gave negative results in the HI test.
Tests to demonstrate antibodies against human influenza virus A/Prague 625/95 (H3N2) were carried out in the pig sera collected in the first half of 1996. This strain was isolated during the epidemic that peaked at the end of 1995.
Out of six herds, which were under surveillance in Moravia at that time, three showed the presence of antibodies. Tables 1 and 2 show that, in December 1995, all herds were still free from antibodies. However, when serum samples were collected at the end of January 1996, most of the animals examined exhibited specific antibodies at titres ranging from 1:20 to 1:320. At the next collection in April 1996, the number of animals with positive findings was markedly lower, as were the titre values, ranging between 1:10 and 1:40. None of the sera obtained by July, 1, 1996, gave positive results Specific antibodies against human influenza virus A/Prague 625/95 (H3N2) were detected in four of six animal attendants on farm A. At a single serum collection in April 1996, antibody titres showed values of 1:20 to 1:40 (Table 2 ). These attendants reported being ill with an influenza-type disease in December 1995.
Some response to the human influenza epidemic that broke out at the turn of 1998/99 was also expected in the pig herds. Therefore, 670 serum samples from nine pig herds, representative of the whole Czech Republic, were tested against the A/PlzeÀ 925/99 (H3N2) virus isolate. The sera examined gave negative results in the tests with this as well as the other influenza viruses isolated from pigs, as reported above.
Discussion
Our epizootiological survey from the mid-1990s confirmed the findings made at the end of the 1970s which showed that there were no economic losses or health problems due to swine influenza in pig herds (Men‰ík et al. 1979 ). In the period from 1995 to mid-2000, no antibodies were demonstrated against either the swine influenza virus type A (H1N1) or the type A (H3N2) in the Czech and Moravian herds examined. Nor was any influenza virus isolated from the pigs of these herds. Only as late as in the second half of 2000, at the time this study was being prepared Buchta and Lány and others isolated an influenza virus from pigs of one herd. On the basis of preliminary experiments, this virus was identified as A (H1Nx); the results will be reported in a subsequent publication.
In the present study we failed to demonstrate antibodies against influenza viruses of avian origin that were frequently present in pig herds in Belgium, Italy and Germany at the beginning of the 1990s (Pensaert et al. 1981; Castrucci et al. 1993; Ludwig et al. 1994) . However, in three of the pig herds, we did find antibodies against human influenza virus A/Prague 625/95 (H3N2) which was isolated from humans during the 1995 influenza epidemic. Because the antibodies in pig sera were associated with the human epidemic, it is assumed that the pigs came in contact with the virus through the attendants who had influenza. This assumption is supported by the presence of specific antibodies in four employees of one farm (A), which were found by an examination on a single occasion 4 months after the epidemic, and by the statements of employees that they continued to look after the animals even after the onset of their own disease.
However, the dynamics of antibody formation shows that the human influenza virus did not become established, long-term, in the pig population but gradually disappeared. All piglets born after the human epidemic and examined 6 months later had negative serological findings. In contrast, we did not find any impact of the second epidemic of human influenza at the turn of 1998/99 on pig herds, although the sera were tested against the 1999 influenza strain A/PlzeÀ 925/99 (H3N2). The pig, as the only animal species sensitive to infection with avian or human influenza viruses, can play an important role in the epidemiology of influenza because it can provide a medium in which recombinations of different A type influenza viruses can take place (Webster et al. 1992; Scholtissek et al. 1993; Lange et al. 2000) .
According to Webster et al. (1992) , the influenza virus A (H1N1) that, in 1918/1919, caused the most severe influenza pandemic ever reported was of avian origin. Since, at that time, pigs were also reported to be ill, it could be speculated that the recombination mentioned above may have occurred in the pig population before the human population was infected. However, unambiguous evidence for this assumption has not yet been found. Some support may be provided by the most recent findings from Hong Kong where, in 1997, poultry were affected by a severe epizootic that was caused by an avian influenza virus, subtype H5N1. In association with this epizootic, the first cases of the direct transmission of avian influenza to humans were recorded; fortunately, they were without a tendency to spread and the reason for this may have been the absence of propagation of the virus in the pig population (Lange et al. 2000) .
Some cases of human disease due to swine influenza virus have also been described Hodder et al. 1977; O'Brien et al. 1977) . The best known of them is the disease that broke out in the Fort Dix Military Training Centre, New Jersey, USA, where 230 soldiers were infected with the A/New Jersey/1976 (H1N1) virus and one of them died. This infection, fortunately, developed into neither epidemic nor pandemic.
Although, at present, swine influenza is not a serious epizootiological issue in the Czech Republic, occasional reports of the isolation of influenza virus or the presence of antibodies against it in pig herds signal some potential danger. Information from some European countries about the circulation of influenza viruses in both human and pig populations has kept virologists and epidemiologists vigilant because, at any time, new subtypes might arise and an influenza pandemic might ensue.
Surveillance influenzy prasat a odraz humánní chfiipkové epidemie v chovech prasat v âeské republice
Epizootologické a virologické ‰etfiení, probíhající od roku 1995 do poloviny roku 2000, potvrdilo poznatky z konce 70. let, Ïe influenza prasat nepÛsobí v chovech prasat âeské republiky Ïádné závaÏné problémy. Nebyly prokázány ani protilátky proti virÛm influenzy prasat typu A(HIN1) a A(H3N2), ani proti influenzov˘m virÛm ptaãího pÛvodu A(H1N1), které byly v posledních letech frekventní u prasat v nûkter˘ch zemích Evropy. RovnûÏ nebyl izolován Ïádn˘ influenzov˘ virus. Naproti tomu jsme prokázali protilátky proti humánnímu influenzovému viru, kter˘ byl izolován pfii epidemii lidské chfiipky koncem roku 1995. Sledování dynamiky protilátek ukázalo, Ïe se chfiipkov˘ virus v populaci prasat neuchytil a postupnû vymizel. Virus do chovu prasat zavlekli pravdûpodobnû nemocní o‰etfiovatelé, u nichÏ byly protilátky proti stejnému viru rovnûÏ prokázány. Pfii dal‰í chfiipkové epidemii na pfielomu let 1998/99 jsme podobnou protilátkovou odezvu nezaznamenali. Je diskutován v˘jimeãn˘ v˘znam prasat v epidemiologii a ekologii chfiipkov˘ch virÛ.
